This paper examines the predictive power of different estimation approaches for reservation wages. It applies stochastic frontier models for employed persons and the approach from Kiefer and Neumann (1979b) for unemployed persons. Furthermore, the question of whether or not reservation wages decrease over the unemployment period is addressed. This is done by a simulated panel with known reservation wages which uses data from the Socio-Economic Panel as a basis. The comparison of the estimators is carried out by a Monte Carlo simulation. In case of employed persons, the cross-sectional stochastic frontier model shows the best performance. The Kiefer-Neumann approach for unemployed persons is able to predict decreasing reservation wages but the rise of the mean reservation wage in case of a constant simulated reservation wage went undetected. In general, the Kiefer-Neumann approach overestimates the reservation wage.
Introduction
The reservation wages of employed and unemployed are not directly observable. The purpose of this paper is to apply different indirect estimation techniques for both groups, employed and unemployed persons, and to evaluate the accuracy of the estimators by using simulated data. Although reservation wages are not observable, they play an important role in the employment decision of a person. The search theory, introduced by MacCall (1970) , models the decision process to take up a job for unemployed under imperfect information. The search theory assumes that each unemployed is faced with the decision to accept a given job offer at a given wage or to remain unemployed and wait for a better offer in the future. The final decision to decline a job offer and to stay unemployed or to accept a job offer is made by the use of individual reservation wages. They represent the minimum acceptable wage.
As mentioned before, reservation wages are not directly observable and indirect measurement techniques are applied. Depending on the employment status, one of the following possibilities can be chosen: direct questions, the approach of Kiefer and Neumann (1979b) and the estimation of reservation wages by means of stochastic frontier models. While the first can be used for unemployed and employed, the approach from Kiefer and Neumann (1979b) is restricted to unemployed and the stochastic frontier models to employed persons. In this work, only the last two approaches are considered. The approach of Kiefer and Neumann uses information on accepted wages after spells of unemployment and tries to infer reservation wages for unemployed with the help of the search theory. This approach is used by Böheim (2002) for British data from the British Household Panel Survey, by Schmidt and Winkelmann (1993) for German data from the Zentralarchiv fuer Empirische Wirtschaftsforschung and by Christensen (2005) for German data from the Socio-Economic Panel (SOEP). The second approach is the estimation of reservation wages for employed by means of stochastic frontier models, which was conducted for the first time by Hoffler and Murphy (1994) . It identifies reservation wages via the prediction of cost efficiency after a frontier estimation. Application of frontier models for the estimation of reservation wages can be found in Jensen et al. (2010) for German data from the Institute for Employment Research (IAB) and in Cornwell and Schneider (2000) for Germany with the SOEP. Furthermore, two approaches of reservation wage estimation restricted to the financial service labor market are available. Webb et al. (2003) estimated the overpayment in the banking sector of the United Kingdom (UK) with data from the British Household Panel Survey by stochastic frontier techniques. They defined the overpayment as any wage which is located above the reservation wage. Closely related is the work from Watson and Webb (2008) which carried out the same estimation for German and British data from the European Community Household Panel Survey (ECHPS). Apart from the estimation process, a controversial issue is the behavior of persons during the unemployment period. The question arises if they lower their reservation wages to facilitate the job search process or if they keep their reservation wages constant until they find an adequate job. The problem in estimation arises because constant reservation wages, as stated by the basic search theory, could lead to rising observed reservation wages with longer unemployment duration since only persons with high wage requests will stay unemployed. However, the search theory can in fact be adjusted to "produce" decreasing reservation wages, for example by the use of duration-dependent stigmata of unemployed, as found in the work from Vishwanath (1989) . Several empirical studies have examined the question whether reservation wages are constant or declining during an unemployment period. For the case of Chile, declining reservation wages over the unemployment duration are found by Maani and Studenmund (1986) . Addison et al. (2012) investigate the simultaneous relation between reservation wages and unemployment duration with data from the European Community Household Panel. They conclude that reservation wages are declining over the unemployment spell. With the same data set, Addison et al. (2009) found constant reservation wages in almost all considered countries. Prasad (2003) using Dutch data found no relationship with a simple ordinary least square (OLS) regression, but a positive relationship with instrumental variables (IV) regression, which could be interpreted as support for the constant reservation wage hypothesis. An interesting approach from Hall (2012) tries to fit survey data to a theoretical model which allows for on-the-job search. The reservation wages during unemployment are found to be stable. To sum up, it remains ambiguous which underlying nature prevails for the reservation wages. But the Kiefer-Neumann approach might be able to detect a decreasing or constant reservation wage if applied to different time periods; Christensen (2005) used it in this way. This paper examines the behavior of different measurement techniques for reservation wages of different groups. Three different stochastic frontier models are compared for the prediction of reservation wages of employed persons. In case of the unemployed persons, it analyzes whether or not the estimator is able to find the underlying reservation wage structure over the unemployment duration. This is done by a Monte Carlo simulation where a panel with known reservation wages is generated. In a second step, the simulated data are used for the application of the different estimators. The objective is to simulate a panel data set which is reasonably close to a true panel like the SOEP but with a known underlying process of employment transitions and reservation wages. The SOEP serves only as a base for the simulation design, delivering starting values for the simulation. The reminder of this paper is as follows. Sections 2 and 3 present the theoretical basis of the estimation approaches. Section 4 introduces the data set and the preceding wage estimation. Section 5 explains the simulation which is built with the help of the obtained values from the wage estimation and section 6 provides the results. The paper concludes with chapter 7.
Kiefer-Neumann estimator
The section at hand briefly introduces the estimation approach of Kiefer and Neumann, presented in the works of Kiefer and Neumann (1979a) and Kiefer and Neumann (1979b) . A more detailed derivation of the estimator can be found in the works of Christensen (2005) and Schmidt und Winkelmann (1993) . The approach is used to predict the reservation wages of unemployed persons by means of observable accepted wages and concepts of the search theory. As mentioned before, the estimation approach of Kiefer and Neumann is based on the reservation wages derived from the search theory. This paper will present just the very basic thoughts of the search theory, a detailed survey can be found in Devine and Kiefer (1991) . A successful match is achieved if an unemployed person receives and accepts a job offer with a given wage offer. It is assumed that each unemployed tries to find a new job during the period of unemployment. A wage offer is considered to be sufficient if it exceeds the individual reservation wage. The optimal strategy for an unemployed person is to accept any job with a wage offer greater than his reservation wage. The reservation wage w r is therefore modeled by equating the cost of rejecting a given wage offer of w r with the expected return of a continued search if the wage exceeds the reservation wage w r :
where c are unemployment payments, δ is the constant job offer arrival rate, 1 F(w) is the wage offer distribution which is located within the limits [a; b] and r is the discount rate. Equation (1) can be rewritten to
with the offered wage w o . The two wages, offered wage and reservation wage, are expressed separately and are assumed to be log-normal distributed
with normally distributed error terms. However, the reservation wage is unobservable and the distribution of the observed wage offer w * i (accepted wages) is truncated due to the fact that rejected offers are not reported. This problem can be solved by means of the two-step estimator from Heckman (1979) , estimating in the first step the probability of finding a job. In the second step, the predicted inverse mills ratioλ i is included into an equation for the accepted wages in order to correct for the sample selection bias
Equation (4) is estimated for all employed persons using GLS since the error u i is heteroscedastic. With the attained estimation of the accepted wages, the next step is the identification of the parameters in the reservation wage equation which could be realized by the use of search theory and parameter restriction. Thus, the reservation wage equation in (3) is decomposed to
The replacement of xβ by its predicted valueŵ o , attained by the estimation of equation (4), and some rearrangement of the partial derivations of equation (5) yield the structural probit
and m is the derivation ∂w r /∂xβ in this new structural model. The parameters c o,r and c r can be identified with external information about m or σ . For this purpose, it is necessary to find an estimator for m by using the search theory. A connection between the information on the mean duration of unemployment, the discount rate and the shift of the reservation wage due to a change in the mean offered wage (m) is obtained by equation
which can be shown to be the derivation of (2). Since 1 − F(w r ) is the probability of accepting a given wage offer and every unemployed person receives one job offer per month, the term 1/1−F(w r ) represents the expected duration of the unemployment spell. Therefore, with assumed values for r, it is possible to identify all unknown parameters and to predict the reservation wages. Finally, the estimated reservation wages are used in an auxiliary regression on the true reservation wages in order to examine the predictive power.
Frontier estimators
The stochastic frontier models are used to estimate reservation wages of employed persons. The stochastic frontier models were introduced firstly and independently from each other by Aigner et al. (1977) and Meeusen and Broeck (1977) . This section will give a short overview of the topic, a good review of stochastic frontier models can be found in Kumbhakar and Lovell (2003) . In general, a production frontier is the maximum output that can be produced with a given input, or, as in case of a cost frontier, the minimum costs of input that are required for a given output. This implies that production is only cost efficient if it takes place exactly at the cost frontier (i.e. at minimum cost) because in all other cases the same amount of output could be produced at lower cost levels. The basic concept of stochastic frontier functions is transferred to reservation wages according to the work of Jensen et al. (2010) ; however, the first application to reservation wages was made by Hoffler and Murphy (1994) . The first thing to notice is that the reservation wage W r it of worker i at time t can't be higher than his current wage W it in the same period. Thus, the wage can be written as
where q it is the wage gap between the wage and the reservation wage, named quasirent. This wage gap q it is defined as the one sided efficiency term exp(u it ), known from standard application of stochastic frontier models. The assumed reservation wage
depends on a set of variables x jit , for worker i at time t and variable j, that determine the reservation wage through search costs and wage offers. The error term exp(v it ) is assumed to be specific for each observation and contains random shocks at time t. Inserting (9) into (8) and taking logs yield the stochastic wage frontier
with w it = ln(W it ) and w r it = ln(W r it ). In the estimation process, the joint error it = v it +u it is used instead of the single components. They have to be disentangled afterwards in order to identify the quasi-rent. The stochastic wage frontier can be estimated by different methods; however, only three of them are considered in this work: the cross-sectional model with a normal-half normal distributed error term, a panel model with time-varying decay and a panel model with time-invariant error. Thereafter, the estimated reservation wages of the different methods are compared with the true reservation wages by an auxiliary regression. The first approach assumes that cross sectional data are used, therefore the index t is skipped. Moreover, distributional assumptions about the error terms are required by the model and to disentangle the error terms v i and u i . In general, v i is assumed to be normally distributed but there exists four common possibilities to model the efficiency term u i : the gamma distribution, the exponential distribution, the half normal distribution and the truncated normal distribution. Ritter and Simar (1997) have shown the bad performance of the gamma distribution. The truncated normal distribution often causes problems in achieving convergence as Greene (2005c) pointed out. The exponential distribution is excluded due to weak results, as Jensen (2005) showed, leaving only the half-normal distribution for application in this work. 2 The error terms v i and u i are assumed to be independent from the x ji and each other with distribution
where N + describes the chosen half normal distribution restricted to positive numbers. Thus, the log-likelihood function for the estimation of the unknown parameters is
and the standard normal distribution function (·).
The next considered model is the panel model with time invariant efficiency. In general, the panel data models have an advantage over the cross sectional models as they impose less restrictions on the error term. However, the restriction that the efficiency will not change over time is nontrivial as well.
Starting from equation (10), the additional assumption is made that the technical efficiency u it = u i is time invariant. Therefore, the model assumes that the efficiency term differs only between the individuals and not within. The general assumptions about the error terms are
with u i following a truncated normal distribution with mean μ and variance σ 2 u as Battese and Coelli (1988) and Battese et al. (1989) proposed for the use in panel models. The error term v it is assumed to be normally distributed with a zero mean. Both error terms are assumed to be independently distributed from x jit and each other. The derived loglikelihood for the time invariant frontier estimator is
The last considered variant of the frontier models is the time-varying decay model for panel data. The model was developed by Battese and Coelli (1992) and assumes that the error term u it has a time-varying part
which means that the cost efficiency term u it is assumed to increase over time if η < 0, decrease if η > 0 or to remain constant if η = 0. The model collapses to the time-invariant model if η = 0. The assumptions about u i and v it are left unchanged compared to the time-invariant model. The derivation of the log-likelihood is straightforward with the final outcome:
After the iterative maximization of the different log-likelihoods, the problem remains to separate the variable of interest u i from the joint error i , i.e. identifying the quasi-rent q it . This is done according to the approach from Jondrow et al. (1982) , which uses the conditional distribution f (u i | ). However, the final prediction of the cost efficiency is done by the more precise estimator of Battese and Coelli (1988) . The last step is the comparison of estimated reservation wages with the simulated reservation wages by a simple OLS regression.
Data
The evaluation of the estimators is carried out by a simulation. In order to provide starting values, a wage regression based on real data is carried out. Those estimated coefficients are used in a subsequent step to generate reservation wages. In this paper, the SOEP is used which is provided by the German Institute Boll (2011) , the information about the additional payments and the gross wages in the previous year can be used to correct the current gross wage.
The choice of the exogenous variables is made with regard to the following simulation, the chosen variables have to be applicable for this purpose as well. Finally, the following variables are used for the regression: the weekly hours of work. The different qualification levels in Germany are measured by the following variables: no qualifications, vocational training, high vocational training, technical college and university. 3 The unemployment experience (linear and quadratic), full-time experience (linear and quadratic) and tenure (linear and quadratic) are measured in years (month in decimal form) to cover the working history of a person. The marital status is included as a dummy variable. Furthermore, the official unemployment rate for each year is implemented by external data from Statistisches Bundesamt Deutschland (2011) (Federal Statistical Office of Germany). The estimation of the log corrected gross wages is done with sample selection 4 to correct for non-participation in the labor market. Thereafter, the estimated parameters are used to generate individual reservation wages.
Simulation design
The simulation of the labor market is built with the objective to generate a panel with known reservation wages in order to examine the predictive power of the different estimation approaches. The simulation is carried out nearly 1000 times, each time with a new randomly drawn subsample of 5000 observations out of the 42,603 total observations for two different scenarios of the reservation wage. The constant (decreasing) scenario assumes a stagnating (decreasing) reservation wage over the unemployment duration. The idea behind decreasing reservation wages is straightforward: an unsuccessful job searcher might lower his wage requests in order to improve his chance for reemployment. Both scenarios are calibrated such that they provide similar unemployment rates, since this would be observed in a real dataset without any prior knowledge of the underlying nature of the reservation wages. The simulation design is presented below, an overview of the starting values for the constant (decreasing) scenario can be found in Table A1 . The simulation assumes that all persons are either employed and not searching for a job or unemployed and searching for a new job. To determine the logarithmic reservation wages, the estimated βs from the previous wage estimation are applied. 5 The constant is reduced by 0.4 and the estimated standard deviation is shrunk by 90%. Furthermore, the reservation wages are set for 40 hours of weekly work and an unemployment rate of 7%. The reservation wages are generated by multiplying all variables with the βs and adding the decreased constant alongside with the decreased error term. The starting wages for employed persons are defined similarly as in step 2 (see below). If the drawn wage falls short of the reservation wage of an employed person, it is set to the level of the reservation wage. The next preparatory variable concerns the number of layoffs per month. The only variable affecting the number of layoff is the assumed yearly GDP growth rate. Values can be found in Table A1 . Since the simulation is based on monthly data, the weighted averages between the yearly assumed growth rates at time t and t + 1 (with t=year) are used. The weights are set according to the position in time and will add up to one. The number of layoffs are determined for the constant (decreasing) scenario by a fixed base rate of 1.6% (1.6%) of the total labor force and a variable rate of −0.1% (−0.1%) per 1% growth in the GDP. The base rate in empirical data is similar, for example Bachmann (2005) found a transition rate from employment to unemployment of 1.45% of the employed population while Elsby et al. (2008) found a rate of only 0.5% of labor force for Germany. The outflow rate of unemployment, measured as percentage of the currently unemployed, consists of two different processes in this simulation: the probability to receive a job offer and the probability that the offer is acceptable. Only the probability to receive a job offer is determined in advance. The base rate is set to 25% (23%) of the unemployed while the variable component is set to 1 (1) percentage point per 1% change in the GDP growth. However, the final outflow rate of unemployment is lower since not all wage offers are accepted. The layoff rate and the outflow rate together ensure that a sufficient transition between employment and unemployment takes place. With these preparations, all required variables for the simulation are available. The simulation design is presented as a graphic in Figure A1 and consists of 5 different steps, denoted by the circled numbers.
Step 1 The first step of the simulation is the job offer function. Since the number of offers is determined, only the allocation of the job offers to the unemployed persons remains. The main variable is the duration of the current unemployment spell up to its cubic form, it is assumed that people faces considerable problems reentering the labor market if they were long-time unemployed. The values for the function are x(−0.05), x 2 (−0.006) and x 3 (0.00028). The values ensure that the function for the disadvantage of unemployment experience stay above −2. Therefore, long term unemployment is possible but not inevitable. Moreover, the whole function is shifted upwards through higher education: low vocational training (0.15), medium vocational (0.18), high vocational (0.2), applied university (0.25) and university (0.25).
6 To ensure that the process remains random, an error term is added which is assumed to be normally distributed with mean 0 and standard deviation 4. The n persons with the highest total scores receive an offer, where n is defined by the probability to receive a job offer.
Step 2 The next step is the determination of the wage offers. They are based on the reservation wage distribution for each qualification level in order to provide offers which are reasonable close to the reservation wages. The mean wage of each qualification group is used as the mean of the corresponding wage offer distribution, whereas the standard deviation for each group is increased by the factor 2.5. Together, step 1 and step 2 determine the process of job search. Each person with a job offer decides thereafter to either accept the offer and to leave unemployment or to decline and to search further. The choice depends, of course, on the individual reservation wages.
Step 3 The third step covers the job loss process. Only the identification of the workers which are intended to lose their jobs is left since the number of job losses is calculated in advance. This is done by a function subject to the following variables and loadings: 0.5 for each year of unemployment experience, −0.025 for the squared unemployment experience, −0.25 for the tenure, 0.004 for the squared tenure. The idea behind choosing the unemployment experience is the concept of scars from unemployment and that previously laid-off workers might have attributes which make a new dismissal more likely. The tenure is working contrarily since the theory of human capital states that longer employed workers are more useful for a firm. Furthermore, an error term and the qualification variables are included as well in the layoff function, see Table A1 for the values.
7 Similar to step 2, the workers with the highest value in the above described variable lose their jobs.
Step 4 The fourth step covers the adjustment of variables. Most obvious, the employment status is changed each month depending on the previously described steps. Moreover, the variables on tenure, squared tenure, full-time experience, squared full-time experience, unemployment experience and squared unemployment experience are changed according to the employment status of the person. Furthermore, the unemployment duration is adjusted. The last thing to replace is the reservation wage for reemployed persons. This is done in order to ensure that the overall level of reservation wages for employed workers is not tending towards zero in the decreasing scenario. The new reservation wage is generated in exactly the same manner as in the beginning of the simulation. The estimated β from the wage regression with a decreased constant are used. If the generated reservation wage is above the accepted wage offer, the wage offer is used instead as the new reservation wage.
Step 5 Every 12 months, the age is increased by one which would lead to a problem with the age distribution in the sample. Since the range of the sample is restricted to persons aged 30-55, the first increase would delete the oldest workers and would simultaneously cause the disappearance of the class of 30 year old persons. To solve this problem and to maintain the original sample size of 5000 observations, it is necessary to conduct an age transformation, i.e. rewriting the age of all 56 year old people to 30. Most of their variables have to be changed as well. What remain unchanged are the qualification level and the marital status for reasons of simplification but the tenure, unemployment experience, and full-time experience are replaced. This is done according to the qualification level of the person. For each of the replaced variables, the real distribution for the 30-year-olds in its corresponding qualification group in the SOEP is analyzed. Based on this real distribution, each person "draws" a value out of it. The employment status is arbitrarily set to the original status of the person in the SOEP. Of course, all transformed persons get a new reservation wage and a new wage in the case that they are employed. 8 The last step in the panel simulation is the storage of the data each year, given that the calibration phase of 50 years is completed. For decreasing reservation wages, an additional step is included in the simulation. The duration of unemployment is assumed to have an influence on the reservation wages. More precisely, the reservation wages are assumed to decrease by 1% every month of unemployment for persons with medium or low reservation wages. High reservation wages are decreasing by 2% each month. This is done since it is assumed that persons with comparable high reservation wages will recognize their exaggerated wage requests and therefore lower the level more quickly. The affiliation to the quickly decreasing group (i.e. persons with high reservation wages) is determined through the relative position of persons compared to all other persons in the same qualification group, regardless of their labor market status. If a person exceeds the reservation wage threshold defined by the group mean plus the group standard deviation, he will belong to the fast decreasing group until he falls short of the threshold again. The final outcome in both scenarios is a panel of seven years, consisting of 35,000 observations by merging the saved data from each year. But in advance of the seven simulated years, a calibration period of 50 years is conducted. Thereafter, the estimators are applied on the simulated panel and the whole process is repeated approx. 1000 times in the Monte Carlo simulation.
Results
The results of the Monte Carlo simulation are presented in two parts. The first part discusses the scenario with constant reservation wages and the second part with decreasing reservation wages. For both scenarios, the results from the different estimation approaches are compared. As mentioned before, the two approaches predict the reservations wage in a different manner and for different (sub)samples. The frontier estimators are used for the estimation of reservation wages of employed persons while the Kiefer-Neumann focus on unemployed persons. In addition, the Kiefer-Neumann estimator offers the possibility to address the question of declining reservation wages through a division in subsamples with different unemployment duration. The subsample for the Kiefer-Neumann approach is restricted in a similar manner to Christensen (2005) . Thus, observations are only used if they are unemployed but had a visible job spell before, or if they currently found a new job. The restriction that a previous employment spell exists is necessary since the wage before unemployment is used as a repressor. Furthermore, the Kiefer-Neumann approach assumes that the reservation wages are affected by three different groups of variables. The first group (denoted by x r i ) is assumed to affect the search costs only, the second group (x o i ) to affect the wage offer only and the third group (x o,r i ) to affect both. Search costs are assumed to have a direct influence on reservation wages, which can be easily seen from equation (1). The second group influences the reservation wages through a change in the mean wage offer and the third group via both channels. The first group consists solely of the unemployment rate which is separated by qualification levels. The second group consists of the (log) last wage before unemployment and the marital status. The influence of the last wage before unemployment is obvious, since newly employed persons will stay, in many cases, somewhat close to their previous wage. The marital status is included as many studies estimate a relationship between marriage and income, for example Antonovics and Town (2004) supports these findings. The third group of variables is assumed to affect the reservation wage through both possibilities and consists of the following variables: full-time experience, squared full-time experience, tenure before unemployment, squared tenure before unemployment, unemployment experience, squared unemployment experience, qualification (low vocational, medium vocational, high vocational, technical college, university) and the GDP growth rate. The remainder of the paper presents the predictive power of the different estimation approaches and different reservation wage scenarios. This is examined by an auxiliary regression of the predicted (log) reservation wages on the true simulated (log) reservation wages, using the explained part of the total variance as a measure for the predictive power alongside with the prediction itself. Prior to that, the individual reservation wages have to be calculated according to equation (8) by means of the estimated cost efficiency q i . But in order to improve the comparability with the Kiefer Neumann estimators, the log version of equation (8) is taken
where w it and w r it are the logarithm of the corresponding values. The results are compared for subsamples of different qualifications where "low qualification" corresponds to persons with low or medium vocational training, "medium qualification" corresponds to persons with high vocational training and "high qualification" to persons with academic qualification.
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All wages and reservation wages are estimated in logs but presented as normal numbers to facilitate the comparison. The R-squares in the output refer to a regression of the log-predicted reservation wage on the log-simulated reservation wage.
Constant reservation wages
The constant scenario assumes stable reservation wages over the unemployment period. The summary statistics over all 998 simulated samples can be found in the upper part of Table A3 . The average unemployment rate of 9.4% and the average unemployment duration of 7.9 months provide a sufficient base for an adequate transition between unemployment and employment. The average simulated reservation wage is located at 1815.8 € while the average simulated labor income is located slightly higher at 2108.9 €. The results for the frontier estimators are presented first. For them in general, a correct and sufficient skewness of the error term is essential. A negative skewness would lead to production frontier estimators and a positive skewness to cost frontier estimators. Since the objective is to predict reservation wages which are located below the log-wages, a regression of all exogenous variables on the log-wage should result in positively skewed error terms. Indeed, the results for the Monte Carlo simulation reveal a positive average skewness of 0.65 which is larger than 0 for all repetitions.
The results for the frontier estimator with normal-half normal distributions of the error terms can be found in column 2 of Table A4 alongside with its average estimated coefficients. The mean reservation wage is predicted fairly good with 1758.9 € but slightly lower than the true mean reservation wage at 1841 €. Nevertheless, the half normal frontier model is able to explain 82% of the variance of the true simulated reservation wages. The subgroup analysis in Table A6 reveals a lower R-squared with regard to the qualification subgroups but still with a good mean prediction of the reservation wage. The lower R-squared is caused by the dropout of the qualification variables which was one of the most important variables in the simulation design. The second frontier model is the time-invariant model. Compared to the previous model, the additional restriction is imposed that the cost efficiency will not change over time, i.e. that the quasi-rents remain constant. Furthermore, the efficiency term is assumed to follow a truncated normal distribution which necessitates the estimation of the additional parameter μ, the mean of the efficiency term. The results for the prediction are presented in column 3 of Table A4 . On average, the mean of the efficiency is estimated with 0.15. Compared to the half-normal model, the average reservation wage is estiamted lower with 1724.3 €. Furthermore, the R-squared is low with only 50%. The results for the different qualification subgroups in Table A6 indicate a R-squared of practically zero, except for the highest two groups where 10% and 27% are attained. To sum up, the results are inferior compared to the cross sectional half-normal model. The last frontier model is the time-varying decay model whose results are presented in column 4 of Table A4 . 10 The additional assumption of the model is the decreasing, increasing or constant efficiency term. Thus, the quasi-rents are allowed to differ over time within one person according to u it = η it u it = exp[η(t − T i )]u i . Compared to the normal-half normal model, the additional parameter of μ and η have to be estimated which denotes the mean of the efficiency and time decay, respectively. The mean of the efficiency is estimated slightly higher with 0.16 compared to the time-invariant model. The average predicted reservation wage of 1696.5 € is lower than the result for the time-invariant model. Nevertheless, the R-squared is somewhat better with 62% but still worse than the result from the half normal frontier estimator. The division of the simulated sample in different qualification groups can be found in in Table A6 . The results show a low R-squared and persistent underestimation of the average simulated reservation wage, comparable with the time-invariant model. The slightly higher R-squared compared with the previous model does not hide the fact that the model got most of its predictive power from the qualification level. Moreover, the time-varying model has a higher standard deviation of its prediction over the Monte Carlo simulation, even if the sample size is the same as with the other two frontier models. This finding of increased instability is underlined by the fact that the estimator did not converge for 31 repetitions. The approach from Kiefer and Neumann focuses on the estimation of reservation wages for unemployed persons. The model is estimated for three different sub-samples in this work.
11 The results for the first sub-sample can be found in column 2 of Table A5 , it uses all available observations that fulfill the defined restrictions. In addition, the second sub-sample is restricted to observations with less than 13 month of current unemploy-10 Results are based on 967 observations. The estimator did not converge for 31 repetitions. ment duration or less than 13 month of completed unemployment duration. The results can be found in column 3. The third sub-sample is restricted to completed and current unemployment durations of 13 to 24 months and is presented in column 4 of Table A5 . The separation in sub-models two and three is done in order to examine the ability of the Kiefer-Neumann approach to detect decreasing or constant reservation wages. The overall low level of the simulated reservation wages in the Kiefer-Neumann sample of 1597 € compared to the reservation wages in the full sample of 1815.8 € is caused by the lack of persons with good affiliation to the labor market in the sub-sample. In the simulation, persons with good affiliation (wages) to the labor market are likely to stay employed or to find a new job quickly. The estimation based on the full sample in column 2 reveals overestimation of the average reservation wage. The average prediction is with 2044.8 € remarkably higher than the mean simulated reservation wage of 1567 €. Nevertheless, the prediction from the full Kiefer-Neumann estimator is able to explain 80% of the variance of the true simulated reservation wages in the different subsamples of, on average, 2145 unemployed observations. The subgroup analysis in column 6 of Table A6 reveals increasing problems to estimate the reservation wages of unemployed in the case of higher education, a somewhat reversed result compared to the frontier models for the case of employed. The question of decreasing or constant reservation wages is addressed by the sub-models for different length of unemployment duration, listed in the columns 3 and 4 of Table A5 . The difference of the real reservation wages between the short unemployment sub-model and the long unemployment sub-model is small with 1541.9 € and 1574.2 €. The observable increase is caused by the fact that persons with higher reservation wages are faced with more problems to find a new job. However, the Kiefer-Neumann estimator predicts on average a constant reservation wage of 2035.6 € to 2032 €. The R-squared decreases from 79% for persons with short unemployment periods to 50% for persons with longer unemployment periods. Furthermore, the standard deviations increase for longer unemployment duration, which is caused by the small sub-samples. The simulated sample offers on average only 388 observations with current unemployment duration longer than 12 months, a fairly small number compared to the 31693 observations which could be used by the frontier models.
Decreasing reservation wage
The decreasing scenario assumes declining reservation wages over the unemployment period. The summary statistics over the 991 simulated samples can be found in the lower part of Table A3 . Compared to the constant scenario, some differences caused by the simulation design can be observed. The average unemployment rate is, at 9.5%, nearly similar to those of the constant scenario, but the average unemployment duration is, unsurprisingly, lower. The results for the three frontier models are presented in Table A7 . Again, the auxiliary regression (17) is used to determine the accuracy of the estimators and the results are reported for different subgroups. The required skewness of the error term distribution of a log-wage regression with all exogenous variables is given with a mean value of 0.64. Thus, cost frontier models are applicable. The normal-half normal frontier estimator (column 2) shows a similar average prediction of the reservation wages, but with a higher R-squared of the auxiliary regression compared to the constant scenario. More detailed, the average predicted reservation wage is with 1740.8 € again close to the true simulated value of 1841.3 €, and the model is able to explain 86% of the variance. The better explanation of the variance compared to the constant scenario carries over to the subgroup analysis of the qualification groups. The panel estimator with time-invariant quasi-rents is viewed next, results are listed in column 3 of Table A3 . The estimator shows a mean predicted reservation wage of 1728.6 € which is similar to the constant scenario. However, the R-squared of the auxiliary regression is better but still located at a low level. The same holds for the time-varying decay model whose results can be found in column 4 of Table A3 . 12 The quality of the predictions is slightly increased for all subgroups. The main model attained a R-squared of 67% but still suffers from the problem of underestimation. Since better working stochastic frontier estimators are available, the result is not impressively high. The small differences between the frontier estimators in the different reservation wage scenarios are neither astonishing nor unexpected since the frontier estimators use only information on employed persons. Thus, a change in the reservation wages for unemployed persons will hardly be detected. This is caused by the simulation design, since an unemployed person which accepts a job offer will be paid with exactly that accepted wage. Thus, the only possibility for the frontier estimator to detect lower reservation wages is through decreased accepted wages but the fraction of newly employed workers in the sample is limited. Furthermore, it has to be kept in mind that the reservation wage for new employed workers is generated to some value below the accepted wage (or exactly the accepted wage if the generated wage is higher) but possibly above their current reservation wage during unemployment which could have been markedly decreased. The new reservation wages are generated in the same manner as in the beginning of the simulation. Altogether, the frontier models are faced with similar problems than in the constant simulation scenario. The prediction quality from the panel estimators is somewhat lower and their variance is higher (on average over all simulations), indicating problems with stability. Only the normal-half normal stochastic frontier estimator shows acceptable results, but it underestimates the reservation wages as well. However, the simplest model of the frontier estimators seems to produce the best results. Before offering some possible explanation, a general problem of the frontier models in the current setting have to be mentioned. As stated before, the assumptions on u i are that they are independent and identically distributed. While independence from X is guaranteed the latter assumption is violated because the u i are by definition group wise heteroscedastic with respect to education. Each u i is defined with mean 0 and a certain standard deviation which depends on the standard deviation of the wages within each corresponding education group. The standard deviation of the wages in turn depends on the heterogeneity of the characteristics of the persons. Thus, heteroscedasticity of u i with respect to the educational levels is given unless homogeneity of characteristics is prevailing. Another problem which applies only to the cross-sectional stochastic frontier model is the violation of independence of the u i from each other.
13 Given a person does not experience a unemployment spell, the u it are the same over time within a person and therefore not independent.
The panel estimators perform, on average, worse than the cross-sectional model. Most important, the u i in the simulation are only time-invariant if no unemployment spell occurs. The reservation wage stays constant (or decrease) during the unemployment period. If a wage offer is accepted, a new reservation wage is generated in exactly the same manner as before (see the simulation design). If the reservation wage exceeds the accepted wage, it is set exactly to its value. Thus, the u i after a unemployment spell are new and independent draws from a half-normal distribution. This might explain the better performance of the cross-sectional half-normal model. The "misspecification" of independent half-normal distributed draws for each observation, as assumed by the crosssectional frontier estimator, is an advantage in case of unemployment spells.
14 Furthermore, the panel estimators have to estimate one parameter (two in case of the time-varying model) more when compared to the normal-half normal frontier estimator, that is μ * i the mean of the conditional distribution u i given η i . However, identification is guaranteed only as T → ∞ which might hardly be given with 7 time periods. In case of the time-varying model, the decay parameter has to be estimated out of the 7 periods as well. The Kiefer-Neumann estimator, listed in columns 2-4 of Tables A8, is faced with the same problems as in the constant scenario.
15 A high overestimation of the average reservation wage and a high standard deviation over the different repetition of the simulation through changing subsamples can be found. The sample size of unemployed persons which fulfill the restrictions consists, on average, of 1986 observations with an unemployment duration lower than 12 months and 345 observations with a duration longer than 11 months. The results for the full model reveal the nearly unchanged fraction of explained variance of 78.5% compared to the constant reservation wage scenario. This carries over to the analysis of the subsamples, neither of which exhibit much change. Concerning the question of a detection of decreasing reservation wages, the Kiefer-Neumann estimator is able to predict the direction correctly (column 3 and 4). However, the increase of the real underlying reservation wages in the constant scenario was not recognized. In the current scenario, the reservation wage is decreasing by construction which can be confirmed from average real values. Thus, the Kiefer-Neumann estimator is at least in the chosen simulation setting able to predict the decrease of reservation wages. A striking fact of the Kiefer-Neumann estimator is the low R-squared of the auxiliary regression for higher unemployment durations. Increased problems estimating the reservation wages for long-term unemployed were found elsewhere as well, i.e. in the work of Christensen (2005) . One reason for the problem is the low number of observations compared to the short-term unemployed sample. Another reason might be the estimation design. Like the other discussed works with an application of the Kiefer-Neumann estimator, this work assumes that the offer arrival rate equals one even if it is known from the simulation design that this assumption is wrong. The Kiefer-Neumann approach tries to estimate the probability of accepting a given job offer in the first step in order to detect in a second step a sample selection bias in the accepted wage regression. But in the case of an offer arrival rate smaller than unity, the probit will estimate not only the probability that the wage offer is greater than the reservation wage but also the probability to receive a job offer at the same time. This problem is likely to occur in a real labor market as well since it is known that long-term unemployed are faced with problems receiving any offer at all. Altogether, these points might explain the problems of the Kiefer-Neumann estimator to find correct reservation wages for long-term unemployed persons and to provide an reliable measure of constant or decreasing reservation wages.
Sensitivity analysis
The settings of the simulation, presented in part 5, are tested with regard to their impact on the estimators. Tables A10 and A11 present the sensitivity analysis for the most important parameters which are altered in positive and negative direction. The results are based only on approx. hundred replications due to slow simulation speed and are presented as means over the replications. In general, the results do not differ much between the constant reservation wage scenario and the decreasing one. As a general robustness check, yearly adjustments of wages and reservation wages are tested. The idea is to change wages according to changes in all time-varying variables like tenure or full-time experience. This is done by calculating the change from the previous year until the current year for all metric variables and multiplying these changes by their corresponding estimated coefficients which are used as well to generate the reservation wages. The wages and reservation wages are adjusted in the same way and with the same coefficients in order to maintain a constant gap between them. By using figure (A1), the adjustment of wages and reservation wages is included in step 5. Not surprisingly, the average wages in this simulation setting are higher which is true as well for the reservation wages of employed persons. All three frontier estimators do somewhat better in terms of explained variance while keeping their previous ranking. The Kiefer-Neumann estimator suffers in the constant and the decreasing scenario from a higher overestimation of reservation wages and falls short of its previous R-squared. A change in the layoff rate, that is the base rate of job losses, leads directly to higher or lower unemployment rates in the simulated labor market. However, the reservation wages of employed and unemployed persons remain stable. But the Kifer-Neumann estimator profits directly from the greater sample of unemployed in case of a higher layoff rate. The standard deviation over the repetitions is decreased and the over-prediction of the reservation wage is slightly lower. The same improvement for the Kiefer-Neuman estimator is observed in case of a lower mean wage offer which causes more unemployment as well. However, a change in the mean wage offer has direct (but limited) effects on the simulated reservation wages as well. Two further analysis are carried out only for some of the simulations and are not presented in Table A10 . That is, a longer simulation period and a stronger decrease of the reservation wage in the decreasing scenario. The longer simulation period is supposed to increase the available sample of unemployed persons for the Kiefer-Neumann estimator. Indeed, the higher number of observations leads to remarkable lower standard deviation over the repetitions and improved R-squared. 16 The overestimation of the reservation wages of unemployed is, however, not remarkable reduced. A change in the speed of reservation wage decrease has obvious impact on the average reservation wages of unemployed persons, especially on long-term unemployed. The reservation wages of employed are not affected at all. However, the Kiefer-Neumann estimator still suffer from high deviations over the repetitions but predicted the direction of change in case of long unemployment correctly.
Conclusion
This paper has analyzed the predictive power of different estimation methods for individual reservation wages. The first class of models consisted of stochastic frontier models for the estimation of reservation wages of employed persons. More precisely, a frontier model with normal-half normal error terms, a panel data stochastic frontier model with constant quasi-rents and a panel data stochastic frontier model with time-varying quasirents were used. All of these models predicted the reservation wages for employed persons by an one-sided error term. The second class of models used the approach from Kiefer and Neumann in order to predict the reservation wages for unemployed persons. This allowed the consideration of the question of decreasing/constant reservation wages over the unemployment duration. The comparison was carried out by a Monte Carlo simulation based on a simulated labor market with estimated starting values from the SocioEconomic Panel. The simulation itself modeled reservation wages and working wages alongside with a transition path from unemployment to employment and vice versa. For testing the ability to detect constant/decreasing reservation wages over the unemployment period, two different simulation scenarios were considered with different specifications of the reservation wages. The predictive power of all approaches in both scenarios was compared by the average results over all repetitions from an auxiliary regression.
For employed persons, the paper showed the best results for the most simple stochastic frontier model with a normal-half normal distribution of the error terms. Both panel models failed to attain the same level of explained variance and suffered from a underestimation of the reservation wages. This finding held for both simulation designs and for all subgroup analyses. As discussed in the results, one of the reasons is the more appropriate assumption of a half-normal distribution on the quasi-rent for every single observation which allows time-changing gaps between wages and reservation wages. Even though some of the assumptions for the cross-sectional model are violated as well, the simpler estimation approach leads to superior results in the given setting.
For unemployed persons, the Kiefer-Neumann estimator was unable to provide the same level of R-squared as the simple stochastic frontier model did for employed. However, this is mostly due to the small available sample size, as an increase in the sensitivity analysis provided better R-squared. The paper showed the ability of the Kiefer-Neumann estimator to detect decreasing reservation wages over the unemployment period but the rise of mean reservation wage in the constant scenario went undetected. The Kiefer-Neumann estimator showed a severe overestimation of the average reservation wage in both scenarios. But the approach from Kiefer and Neumann suffered from two drawbacks. The first is the known and wanted misspecification of the job offer probability, which is used frequently in application. Unlike as stated by the theoretic model, the job offer arrival rate during a month is not necessarily equal to one. The second drawback evolved from the fairly small number of observations which could be used for the estimation, especially the lack of long-term unemployed persons. But despite its problems, the Kiefer-Neumann estimator offers an interesting possibility to analyze reservation wages of unemployed without rely-ing on reported reservation wages. Furthermore, it is possible that a different simulation design could lead to a better performance of the Kiefer-Neumann approach. This work could be extended in several direction. It might be interesting to evaluate under which simulation conditions panel stochastic frontier model could work superior compared to cross-sectional models. Moreover, the simulation itself could be enhanced by including not only labor supply but also labor demand. However, this topics are left for further research. 
